The unemployment rate in France is roughly 6 percentage points higher for African immigrants than for natives. In the US the unemployment rate is approximately 9 percentage points higher for blacks than for whites. Commute time data indicates that minorities face longer commute times to work, potentially reflecting more difficult access to jobs. In this paper we investigate the impact of spatial mismatch on the unemployment rate of ethnic groups using the matching model proposed by Rupert and Wasmer (2012) . We find that spatial factors explain between 1 to 1.5 percentage points of the unemployment rate gap in both France and the US, amounting to 17% to 25% of the relative gap in France and about 10% in the US. Among these factors, differences in commuting distance plays the most important role. In France, though, longer commuting distances may be mitigated by higher mobility in the housing market for African workers. Overall, we still conclude that labor market factors remain the main explanation for the higher unemployment rate of Africans.
Introduction
The persistence of the unemployment rate gap between natives and immigrants, or in the US context between whites and blacks, is a major policy concern. However, there is still debate whether it is "race" or "space" that is the key explanatory factor of the poor labor market outcomes of many minorities (see Ellwood, 1986) . The spatial mismatch literature, initiated by Kain (1968) , has indeed attempted to determine whether minority workers have worse access to the labor market or whether they face barriers in housing choice, making it difficult to locate close to job opportunities.
In this paper we propose a methodology to assess the "dynamic spatial mismatch" hypothesis, that is, the intertemporal decisions of housing, commuting, job acceptance and quits. We develop and quantify a tractable macro-economic matching model to assess the importance of job market factors and spatial factors. Our contribution is threefold: we model frictions on both the labor and housing markets whereas, in the literature, frictions are usually introduced only in one market; we calibrate the model to get quantitative results rather than giving only theoretical predictions; finally, we perform comparative statics to assess the contribution of job and spatial factors to the ethnic unemployment rate gap.
There are several forces possibly at work that have been formulated in the literature. Minority workers may not have the same access to jobs due to differences in unobservables related to productivity or discrimination in the labor market. Employers may have racial preferences and discriminate (Becker, 1971) . They may also consider minority workers to be, on average, less productive and assign their average productivity to all minority applicants if productivity is not observed during the recruitement process (Phelps, 1972) . Finally, they may avoid employing minority workers because they expect their customers to be reluctant interacting with them (Borjas and Bronars, 1989; Combes et al., 2011) .
According to the spatial mismatch literature, housing market discrimination may prevent US black workers from locating close to job centers and the resulting distance to job opportunities could be a cause of their unemployment. Zax and Kain (1996) investigates the effect of the relocation of a plant in Detroit from the city center to a white neighborhood, where housing discrimination against blacks is considered to be operational, on quits and residential relocations of black and white workers. They show that blacks quit more often and relocate less often close to the plant. We consider in our model that there is a Minority (here, non-natives, predominantly Africans) and a Majority, with the Minority have housing opportunities which are associated to longer commuting distances during the residential search process.
The effect of distance on unemployment has been investigated in the theoretical literature mostly in an urban economics setting. Wasmer and Zenou (2002) show how distance to jobs can decrease search efficiency and lead to unemployment. However, their paper does not consider the racial dimension. Closer to our paper is the paper by Brueckner and Zenou (2003) that considers two cities and model the effect of housing discrimination for blacks in one city on their unemployment. However, the importance of this mechanism relative to job discrimination is not assessed. More recently, Gautier and Zenou (2010) propose a model where blacks initially have less wealth than whites. This translates into blacks perhaps not having access to a car and therefore a weaker bargaining position than whites since fewer jobs are accessible. Blacks thus end up with a higher unemployment rate, lower wages and higher commute times. Empirical results obtained by Weinberg (2000 Weinberg ( , 2004 suggest that the centralization of blacks in US cities explains a significant part of the black-white employment differential because jobs have migrated to the suburbs. Hellerstein et al. (2008) find that, for blacks, it is the distance to jobs occupied by blacks (and not the distance to all jobs) that significantly affects their employment opportunities. This suggests that the labor markets for blacks and whites could be segmented to some extent.
In this paper we consider a matching model based on Rupert and Wasmer (2012) that incorporates ethnic differences in the access to jobs and dwellings. While Decreuse and Schmutz (2012) used a similar approach, we explicitly take space into account through the distances between dwellings and jobs, and do not restrict the analysis to a two-location framework. In particular, unemployed workers receive job offers with an associated commuting distance.
2 Employed individuals also search for houses to reduce commute times. In the data individuals might also be forced to move due to a change in family structure, neighborhood quality and so on. We model these as "family shocks" that necessitate a move from the current location. These modeling choices allow a parsimonious representation, providing key theoretical and quantitative outcomes.
Whereas ethnic differences in the job arrival rate may be related to differences in the access to the labor market, 2 A limitation of our distance approach is that we do not consider the heterogeneity among locations. Here, space is assumed to be isotropic, in the sense that all locations look identical when unemployed. This means in particular that consumption amenities are ignored as well as local network effects that may be used for finding a job or positive community effects if minority workers have a taste for residing closer to people of the same origin.
3 ethnic differences in the distribution of commuting distances can be related to differences in the access to both the labor market and the housing market. Indeed, commuting distance depends both on the place where unemployed workers find a dwelling and the place where they receive a job offer. Offers are turned down if the wage net of commuting costs is not high enough compared to unemployment benefits. These mechanisms can generate racial differences in unemployment rates and unemployment duration. The model also incorporates the ability of employed workers to receive housing offers that may allow them to decrease their commuting distance. There may be differences between ethnic or racial groups in the arrival rate of housing offers as well as the distribution of commuting distances related to those offers. These differences are related to ethnic or racial differences in the access to the housing market and they can generate longer commuting distances for the Minority than for the Majority. We then calibrate the model for France and the US to assess, quantitatively, the importance of spatial and labor market factors in explaining the unemployment rate gap between the Majority and the Minority.
Overall, although labor market factors play a major role, spatial factors in France explain between 17% and 25% of the unemployment rate gap between the Minority and the Majority, depending on the decomposition.
The results appear to be robust to various alternative calibration parameters and correspond to between 1 and 1.5 percentage points unemployment difference, out of six percentage points. Decreuse and Schmutz (2012) find similar qualitative results as, in their study, spatial factors account for around 15% of the unemployment rate gap.
3 More work is needed to better understand the factors behind the ethnic differences in access to the French housing market. It appears that the different outcomes across ethnic groups in the housing market are less due to the Minority receiving fewer housing offers, than to the Minority receiving fewer good offers. That is, while the probability of housing offers can be the same, these offers are for dwellings which are located farther away from jobs. This result is consistent with other papers on the French housing market emphasizing a substantial degree of spatial mismatch and rising segregration (Bouvard et al., 2009a) .
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In the US, spatial factors also seem to play a role, and explain 1 to 1.5 percentage points of the difference in unemployment rates between Blacks and Whites. However, this corresponds to only 8 to 10% of the total racial 3 It is also consistent with Rathelot (2013) who studies the employment gap between French natives and second-generation Africans, and finds that between 63% and 89% of the employment gap remains after controlling for observable individual characteristics and location, which suggests that ethnic differences in access to the labor market play a major role and spatial factors a lesser role.
4 More precisely, Bouvard et al. (2009a) argue that, in France, over the past several decades, employment in industrial sectors shrunk, and job centers moved away from social housing where migrants used to live. The sectoral employment shift lead jobs to appear in the service sectors, located in cities, where migrants may not have had access in terms of housing markets.
4 unemployment gap because there is a larger absolute difference in unemployment rates.
Section 2 describes the data and facts. Section 3 presents the model with labor market and housing frictions. for the 20, 370 individuals aged 15 and above. The data set also includes a time diary that allows us to quantify how much time is spent during the day for each daily activity.
At the household level, there is information on whether the household lives in couple and has children, and on the urban unit size with a specific category for Paris. We use this information to distinguish between the Paris urban unit and the rest of the territory. The time spent in the dwelling since arrival is also reported and allows us to determine mobility within one or more years before the survey date. Also asked is why the households moved to the current dwelling, for example, to get closer to the workplace of the household head, his partner or another individual in the dwelling.
At the individual level, it is possible to determine whether individuals are first generation immigrants from Africa using citizenship and country of birth. We consider African individuals to be not only individuals with an African citizenship but also those born in Africa who have become French. As these individuals are not very numerous in the survey and we are interested in labor frictions related to ethnic discrimination (and thus partly to skin color), we also considered second generation immigrants from Africa that we could identify thanks to their first name being African. Nevertheless, these individuals are also not very numerous, probably because a lot of The data set includes the day of entry in unemployment and the day of exit and it is thus possible to compute the unemployment duration in days. The type of exit is also reported whether it is finding a job, dropping out of the labor force or unknown (because the unemployed worker did not show up at a control). We also have the citizenship and we can distinguish between the French and Africans. Finally, the data include the usual information on family structure (partner and children) as well as the diploma. For more details on the data, see Gobillon et al. (2011) .
We only keep workers aged between 20 and 65 at the date of entry who enter unemployment in the first semester of 1996. After applying this procedure, we end up with 423, 587 observations.
Descriptive statistics and regressions
In this subsection, we describe the facts on differences between the Minority and the Majority in labor market outcomes and mobility. Our aim is to quantify these differences and assess the role of composition effects.
Our main sample, constructed from the French Time Use Survey, consists of 8, 429 individuals among whom 298 (3.54%) belong to the Minority. 5 The unemployment rate is approximately 11% for the Majority and 17%
for the Minority. We assess whether the unemployment difference between the two groups is due to composition effects using a logit model where the dependent variable is a dummy for being unemployed. Explanatory variables include a dummy for belonging to the Minority, demographic variables (sex, age and its square, a dummy for having a partner, the number of children), dummies for diploma (four categories: lower than high school, high-5 We lose 437 individuals compared to the original sample because the information to determine their group is missing. Note: ***: significant at 1%; **: significant at 5%; *: significant at 10%.
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school diploma, degree after two years in university, and degree with more than two years in university) and a dummy for living in the Paris urban unit. Results in Table 1 show that the coefficient on the Minority dummy does not vary much from a specification where only this dummy is introduced (column 1, coefficient: .559) to specifications obtained when adding groups of explanatory variables (columns 2 to 4, coefficient: .500, .429 and .458). This suggests that differences between the Minority and the Majority are not driven only by composition effects. The marginal effect of the Minority dummy is always sizable and around 5 percentage points. It has the same order of magnitude as the unexplained employment gap computed by Aeberhardt et al. (2010) for African second-generation immigrants which is 6.2 points.
For workers occupying a job, we quantify the wage difference between the Majority and the Minority when the exact monthly wage is reported (and not a wage bracket). Keeping only reported wages which are strictly positive, we are left with 4, 139 observations (including 127 Minority members). When constructing the hourly wage from the monthly wage and the number of working hours when available, we are left with 4, 029 observations.
The average wage for the Majority is 8.6 euros, and 31% lower for the Minority at 6.6 euros. When regressing the logarithm of wage on a dummy for Minority (column 1 in the top part of Table 2 ), the estimated coefficient corresponds to a wage difference between the Majority and the Minority of 100 * (exp(.208) − 1) = 23%. This Note: ***: significant at 1%; **: significant at 5%; *: significant at 10%.
figure is close to the 20% found by Aeberhardt et al. (2010) who focus on African second-generation immigrants.
The difference is lower in logarithm than in levels because the logarithm puts less weight on extreme values and the wage distribution is more dispersed for the Majority than for the Minority. The coefficient of −.208 does not vary much when adding the full set of controls (column 4) as it ends up at the value −.194.
Commuting time in the data corresponds to return trips in minutes and is observed for 6, 511 of the 7, 500
workers with a job. We drop the 11 observations for which commuting time is larger than 4 hours and could correspond to coding mistakes. The average commuting time is 40.6 minutes for the Majority and nearly 10 minutes larger, at 50.5 minutes, for the Minority. The difference in average commuting time is partly explained by a fatter right tail of the distribution for the Minority than for the Majority, and the difference in median commuting time is smaller at 5 minutes. Differences between the two groups may seem moderate but, in relative terms, they are rather large. Indeed, the average (median) commuting time is 24.1% (17.2%) larger for the Minority than for the Majority. We regress commuting time on a Minority dummy and controls. Results are reported in the bottom part of Table 2 and show that the only factor really affecting the difference in commuting time between the Majority and the Minority is location. When introducing the dummy for living in the Paris urban unit, the difference drops to 4.5 minutes and is no longer significant as shown in column 4. However, it should be kept in mind that the Paris dummy captures location effects which should not be controlled for when calibrating the model as location effects should be captured by parameters related by spatial factors.
We investigate residential mobility using a variable giving the number of years spent in the current dwelling.
Here, we consider a dummy for mobility taking the value one if households have spent three years or less in their dwelling and zero otherwise. The mobility rate for the Minority (30.9%) is larger than for the Majority (22.5%).
We run a logit specification for mobility including a Minority dummy, and the results are reported in the top part of Table 3 . The difference in mobility between the Minority and the Majority grows larger when introducing demographic characteristics in the specification (columns 1 and 2). The marginal effect of the Minority dummy increases from 8.36% to 15.22%. It then remains stable when adding diplomas and location (columns 3 and 4).
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A likely reason for the higher mobility rate of the Minority is that Majority workers are more often owners and the mobility rate of owners is very low in France. In our sample, the ownership rate is 59.6% for the Majority and only 26.5% for the Minority. According to CGDD (2009), the mobility rate is only 3.8% for owners compared to 11.6% for public renters and 18.3% for private renters. Ideally, we would like to assess the effect of housing status three years before the survey date on the mobility difference between the Minority and the Majority but it is not available in the data. It should thus be kept in mind when interpreting the results of the model that mobility difference between the two groups partly captures effects related to ownership.
We also assess whether there are differences in mobility for specific reasons between the Majority and the Minority. For that purpose, we run a multinomial logit with three choices: no mobility, mobility for job-related reason (for one member of the household), mobility for another reason. Results reported in the bottom part of Table 3 show that the inclusion of demographic controls in the regression tends to increase the differences between 7 Bouvard et al. (2009b) report a lower mobility of African immigrants between urban unit size brackets than natives but a higher proportion of moves within the same municipality. These results suggest that the larger mobility we find for the Minority group could be due to short-distance housing adjustments. Note: ***: significant at 1%; **: significant at 5%; *: significant at 10%.
the Majority and the Minority (columns 1 and 2). When all the observable characteristics are taken into account, the Minority group moves significantly more often than the Majority group both for job-related reasons and other reasons (column 4).
We also look at differences in unemployment duration and exit to jobs between French and African unemployed workers residing in the Paris region. Note that we do not have the data for all of France but the proportion of workers in the Minority group that are located in the Paris region is quite large according to the Time Use
Suvey and stands at 43% (compared to 18% for the Majority group). Africans represent 12.3% of our sample.
For unemployment spells beginning in the first semester of 1996, we know the exit when it occurs over the 1996-2003 period. This exit can be a job, a drop out of labour force or it can be unkown, in particular when there is an absence at control. Among unemployment spells for which exit is known, whereas 57.1% spells of French unemployed workers end with an exit to a job, the proportion is only 44.8% for African unemployed workers. The unemployment duration is 269 days for French unemployed workers exiting to a job but as large as 350 days for African ones. We run a Cox regression model for exit to a job to assess whether differences in unemployment duration between the French and Africans remain once observable characteristics have been taken into account.
Exits other than finding a job (i.e. dropping out of the labor force, absence at a control, end of the panel) are treated as censored. In column (1) of Table 4 , only a dummy for being African is introduced and its effect is found to be significantly negative. The Africans have 53% less chances of finding a job than the French. Once all the explanatory variables have been introduced (column 3), the difference between the French and Africans is smaller but remains sizable as Africans still have 18% less of a chance of finding a job than the French.
Overall, our descriptive results suggest that there are some compositional effects but they tend to remain rather limited except for unemployment durations and commuting. It should be noted however that for commuting times, composition effects are related to location which should not be controlled for when calibrating the model as location effects should be captured by parameters related to spatial factors.
A model
We begin by considering a simple model where a geographical mobility decision interacts with a job acceptance decision. We follow the model in Rupert and Wasmer (2012) , where individuals search in the labor market and the housing market. They also face random housing shocks (leading them to relocate) and labor shocks. These shocks Note: ***: significant at 1%; **: significant at 5%; *: significant at 10%.
are assumed to be uncorrelated as described below. The goal of the model is to provide a decomposition of the sources of unemployment into a labor market component and a component due to spatial factors, for the Majority and the Minority.
Preferences and Search for Locations
Time is continuous. Individuals face a rate of time preference equal to r. They can be employed or unemployed.
When employed they live at a distance ρ from their job. Their dwelling is a bundle of services generating a flow of utility. For these services, individuals pay a rent or a mortgage. We do not model the market for houses or locations and assume that moving to a new location is costless, but subject to frictions detailed below. 8 We assume that the service flow from housing is equated across space and status so that we do not have to consider the cost of housing in our description.
The commuting time to one's job becomes an important determinant of both job and location choice. Space is symmetric and isotropic, in the sense that the unemployed have the same chance of finding a job wherever their current residence. This assumption rules out specific effects of location on finding a job such as the help of a local network or the local diffusion of information on vacancies with wanted signs and local newspapers. It turns out that the distance to work, ρ, is a sufficient statistic, determining job offer acceptance, housing offer acceptance and quits. The implication being there is no reason to move to a different location if unemployed.
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When employed, agents randomly receive offers to move to a new location that possibly allows them to obtain a shorter commute. The housing offers for the employed are assumed to be Poisson arrivals with parameter λ H .
Agents may also receive a "family shock" due to changes in marital status, family size, schooling choices, neighborhood quality, and so on. Family shocks arrive according to a Poisson process with parameter δ. The shock changes the valuation of the current dwelling or location, necessitating a move. Upon the arrival of such a family shock, agents make one draw from the existing stock of housing vacancies. That is, while those employed who did not receive a family shock sample out of the new flow of vacancies, those who need to move due to that family shock only search through the existing stock. 10 The type of shock thus indicates which distribution agents will be drawing from: either from the new vacancies coming on the market or from the existing stock of vacancies. This is in line with standard stock-flow models of the labor market.
The distribution of new housing vacancies is given as G N (ρ). The distribution of commuting distance for the unemployed receiving a job opportunity is given by another distribution F (ρ).
11 The existing stock of housing vacancies is distributed as G S (ρ). Note that we will assume that G N stochastically dominates G S , accounting for the well-known fact that new vacancies are generally of higher quality than the stock.
Labor Market
Individuals can be in one of two states: employed or unemployed. A match may become unprofitable, leading to a separation, which occurs exogenously with Poisson arrival rate s. While employed, income consists of an exogenous wage, w. We add taxes and benefits since these have been shown to affect unemployment rates across countries, as seen in Mortensen and Pissarides (1999) , for example. We assume a tax on labor denoted by t. The net wage reacts to taxes with a negative elasticity (a "crowding out" effect), so that an increase in taxes does not necessarily imply equivalent increases in labor costs. If taxes are t, the total labor cost is denoted by w(1 + εt) and the net wage of workers is w[1 − (1 − ε)t]. We set ε = 0.35 in line with elasticities from the literature and investigate the 9 Rupert and Wasmer (2012) have a detailed discussion of this assumption.
10 The new flow of vacancies includes newly constructed dwellings and new vacancies of existing dwelling that are opportunities in terms of commute distance.
11 Note that having a constant arrival rate of job offers and a distribution of commuting distances associated with offers is equivalent to receiving job offers with arrival rate depending on distance.
13 effect of alternative values in the robustness analysis.
Unemployed agents receive income b, where b can be thought of as unemployment insurance or the utility from not working. While unemployed, job offers arrive at Poisson rate p, indexed by a distance to work, ρ, drawn from the cumulative distribution function F (ρ). 12 Job offers are not indexed by wage as we have imposed equal wages across all locations. Also, as is standard, we define θ as labor market tightness, or the vacancy to unemployment ratio.
Let E(ρ) be the value of employment for an individual residing at distance ρ from the job. Let U be the value of unemployment, which does not depend on distance, given the symmetry assumption made above. We can now express the problem in terms of the following Bellman equations:
where τ is the per unit cost of commuting and ρ is the distance of the commute. 13 Eq. 1 states that workers receive a utility flow w[1 − (1 − ε)t] − τ ρ; may lose their job and become unemployed -in which case they stay where they are; they may receive a housing offer from the distribution of new vacancies G N (ρ), which happens with intensity λ H , in which case they have the option of moving closer to their job. With Poisson intensity δ, they have to leave their current location and draw a new distance ρ which leads to an endogenous quit when the new location is too far away from the job. 14 Eq. 2 states that the unemployed enjoy b; receive a job offer with Poisson intensity p, at a distance ρ , from the distribution F (ρ). They have the option of rejecting the offer if the distance is too far.
12 Differences in the distribution of commute distances associated to job offers between the Majority and the Minority can exist because employers may have chosen locations away from minorities or because minority workers may have been unable to locate close to employers because of housing market discrimination.
13 It is tempting to reinterpret commuting as any non-pecuniary aspect of the job. However, contrary to most job amenities, commuting yields a monetary cost.
14 Note that there is no on-the-job search. The only way for workers to change jobs is to quit their job to become unemployed and then try to find a job elsewhere. Note that the quit rate here is endogenous. Adding job-to-job transitions would make the model more complicated and was not explored here. However, there are non-trivial transitions since family shocks affect employment-tounemployment transitions.
Optimality and equilibrium conditions
Since all wages are assumed to be identical, the only relevant dimension of a job offer (or of a housing offer) is ρ, the distance (or time) of the commute. We denote by M E J the rate at which employed workers move to get closer to their job. Job acceptance decisions when unemployed depend on the value of unemployment U relative to the value of a job at distance E(ρ). We denote by ρ U the reservation distance above which job offers are rejected and below which they are accepted.
Job separation can occur in two ways: when there is an exogenous job destruction shock s, and when workers receive a family shock, δ, for which the new value of commuting distance is above ρ U . Quits related to family shocks occur with Poisson intensity δ(1 − G S (ρ u )). The overall separation rate is then
On the firm's side, jobs are created when the value of a vacancy is larger than its cost. Denote q(θ) as the Poisson hiring rate of workers, c the cost of a vacancy per unit of time, and y the value of productivity. Free entry of firms (vacancies) implies vacancies will be opened until firm profits are driven to zero.
Therefore, the four equations governing (ρ U , θ, u, M E J ) are:
The first equation comes from the equality of the value of unemployment and the value of employment; the second from the free-entry condition of firms; the third from the equality between the inflows into unemployment and the outflows from unemployment in steady-state; and the fourth from the rate of arrival of housing offers to the employed workers and the acceptance decision depending on the commuting distance involved. With this specification the model is quite parsimonious, since a single variable, ρ, determines job acceptance of the unemployed and the residential mobility rate.
15 Equation (4) establishes a negative link between labor market tightness, θ, and the reservation value of distance.
The intuition is simple: in a fluid labor market (high θ and hence a high job finding rate θq(θ)) it is easier for a worker to wait for a better job offer. Hence workers accept offers only when the quality is higher (that is, when the commuting distance is lower). A more fluid housing market (higher λ H ) instead leads to higher acceptance rate F (ρ U ) because workers can relocate more easily.
Equation (5) generates a positive link between θ and ρ U since q (θ) < 0. The intuition is also simple. The firm's iso-profit curve at the entry stage depends negatively on both θ (as a higher θ implies more competition between firms and workers) and on ρ U (as more of firm's offers will be rejected because of distance). The zero-profit condition thus implies a positive link between θ and ρ U . Note that this relation is independent of λ H .
Decomposition of the unemployment rate gap
We seek to quantify the contribution of labor market and spatial factors in explaining the unemployment rate gap between distinct groups. Given the differences we have shown above, we will decompose the effects for Majority (subscript M), and Minority (subscript m). Note that the equilibrium unemployment rate u * depends on two sets of parameters: a labor block with job destruction s, labor productivity y, wage w, matching efficiency A and unemployment benefits b; and a spatial block with the arrival rate of housing offers λ H , the parameter of their distribution, α and the per unit cost of commute τ . In addition, firms face hiring costs c, and wages are taxed at rate t.
Denoting vectors of labor and spatial parameters respectively by L and S, and using the subscript M for the Majority and m for the Minority, we perform a Oaxaca decompositon of the unemployment gap between the Majority and the Minority in two different ways:
and also look at the contribution of each of the parameters separately.
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4 Numerical exercise
Calibration strategy
The strategy is to treat each group (the Majority and the Minority) separately, that is, we calibrate the model on two independent segments of the labor market. The calibration will match job-related mobility and the unemployment rate. Without loss of generality we normalize average productivity and labor market tightness to 1.
Parameters
In our benchmark case, we consider that some parameters will be different and some common for the two groups, consistent with the data. We first describe those parameters that we allow to differ between groups. The parameters are summarized in Table 6 .
In the benchmark we allow for differences in Majority and Minority wages. The wage difference target is based on Table 2 , column 1. In that column, we find a 20.8% log-wage gap between the Majority and the Minority. Given the proportion of each group in the total population, this imposes that Majority wage is .6% above the population average wage (itself equal to .63 with a labor productivity equal to 1) and the Minority wage is therefore 20.2% below the average. In France, in the range of hourly wages of the two groups (on average between 6.55 euros for the Minority and 8.62 for the Majority), unemployment benefits are proportional to wages according to the rules of unemployment compensation. Accordingly, we impose the same unemployment benefits differences, that is b = .403 for the Majority and b = .327 for the Minority. Productivity of the two subgoups corresponding to wages is y = 1.0063 for the Majority and y = .817 for the Minority.
In the model, we have three distributions of commute distances that are related to new vacancies, the stock of vacancies, and job offers. We assume that these distributions can be represented by exponential functions with parameter α: F (ρ) = G N (ρ) = 1 − e −αρ and G S (ρ) = 1 − e −(α/3)ρ . Here, 1/α is both the average commuting distance and the standard error of commuting distances for new vacancies and job offers. The average distance for the stock of vacancies is three times higher than the average distance for new vacancies. 15 The parameter α is computed by fitting an exponential law with the distribution of commute times of employed workers. 16 Ordinary 15 Rupert and Wasmer (2012) show that the quantitative results are not sensitive to the exact distribution G S . This is because family shocks do not have a large impact on labor market margins.
16 Note that we make an approximation as parameter α is estimated from the equilibrium distribution of commute distances and not 
Minority Majority
In blue: empirical cumulative; in red: cumulative of an exponential law with parameter α = 10.13 for the Minority and α = 12.18 for the Majority.
least squares was applied to a specification derived from the equality −ln [1 − F (ρ)] = αρ for exponential laws, where the cumulative of commute times F has been replaced by its empirical counterpart and a sampling error has been added on the right-hand side. Commute times are for return trips and are expressed as a fraction of standard daily working time (7.8 hours). Table 5 reports some descriptive statistics on these standardized commute times.
We find empirically that α = 10.13 for the Minority and α = 12.18 for the Majority. Figure 1 represents the empirical cumulative and the fitted exponential cumulative for each of the two groups, and shows that the fit is rather good.
We calculate the mobility targets (mobility for family reasons and mobility for job related reasons, respectively δ and M E J ) from the observed mobility rates within the last three years for the Majority and the Minority. For from the distribution of job offers to unemployed workers (whether they are accepted or not). To assess whether our approximation is reasonable, we verified after the calibration of the model that the equilibrium distribution of commute distances implied by equation (11) when using the calibration parameters is not too different from the distribution of job offers to unemployed workers F (ρ) once it has been truncated in ρ U . We indeed find that they are similar for the Majority as well as the Minority. Hence, our approximation seems reasonable. an exponential law, the probability of not moving for a family-related reason before a duration T 0 is given by P (T > T 0 ) = e −δT0 . As moving within the last three years is defined as having a housing tenure being 0, 1 or 2 years, there is some discretion in the value for T 0 and we fix T 0 = 30 months (ie. 2.5 years). The mobility rate for family-related reasons is 12.75% for the Majority and 19.73% for the Minority. They correspond to a monthly parameter δ given by −ln (1 − .1275) /30 = .0045 for the Majority and −ln (1 − .1973) /30 = .0073 for the Minority.
As regards to mobility for job-related reasons, we apply the same formulas. There are however two alternatives for the calculation of mobility rates for job-related reasons: in the first one, we define job-related reasons for any member of the household, and in the second one, we only consider job-related reasons for the surveyed worker (restricting the computation to the household head and possibly his partner). Under the first alternative, the mobility rates of the Majority and the Minority are respectively 8.10% and 9.87%. The corresponding mobility rates M E J are respectively −ln (1 − .0810) /30 = .0028 and −ln (1 − .0987) /30 = .0035. We choose the first alternative, and use these values in the calibration.
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We set p(θ) = Aθ 0.5 * F (ρ U ). Setting θ = 1 gives A = .2432 for Majority workers and A = .1871 for Minority workers. Together with the free-entry condition (Eq. 5), this fixes a value for recruiting costs c after normalizing y for the two groups.
We also set some parameters common to the two groups. Labor tax rate is fixed at its value in France which is t = .4, see Rupert and Wasmer (2012) . We also fix the transport cost τ to a common value in the following way.
Each hour of commute time has a utility cost supposed to be half the hourly wage of workers in line with Small and Verhoef (2006) . The median commuter spends 6.4% of the standard daily working time (7.8 hours) to commute as shown in Table 5 . Hence, the total median cost for the median commuter should be .064/2 expressed as a fraction of the wage, that is .064/2 * (w/y). 18 The total median cost is also calculated from the distribution of wage offers for the whole labour force. Letting ρ m be the median commuting distance, ρ m = ln(2)/α with α = 11.97 the parameter of an exponential law fitting the distribution of commute times for the whole labour force. The total cost incurred by the median commuter is therefore given by .064/2 * (w/y) = τ ρ m or equivalently:
17 Under the second alternative, the mobility rates of the Majority and the Minority are respectively 5.72% and 6.70%. The corresponding parameters M E J are respectively −ln (1 − .0572) /30 = .0020 and −ln (1 − .0670) /30 = .0023. 18 Note that the ratio w/y is the same for the Minority and the Majority and equal to .63 by construction.
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The program finds the parameters of the model given a target unemployment rate of 11% for the Majority and 17% for the Minority, and target job hiring rates of p = 1/8.7 and p = 1/11.6 monthly for those two groups, thus fixing the job separation rate σ given that u = σ/(σ + p). In addition, the program finds the values of α and λ H that are consistent with the target for mobility, given ρ U , obtained from (Eq. 4).
Findings
Findings for the benchmark case are given in Table 6 . Interestingly, whereas the arrival rate of housing offers, λ H , is higher for the Minority than the Majority, the parameter of the commuting distribution α is smaller. This means that Minority workers have more housing offers, but their housing offers are associated with longer commuting distances. A possible interpretation is that Minority workers get more housing offers because they are more often renters than Majority workers and put more efforts in looking for a dwelling to make housing adjustments, in particular in terms of location.
19 However, because of their residential location and the spatial distribution of jobs, they get housing offers associated on average with larger commuting distances than Majority workers.
We also find that the reservation distance ρ U is larger for the Minority suggesting that Minority workers are less choosy for commuting distances associated with housing offers.
Turning to labor market parameters, the scale parameter of the matching function A is smaller for the Minority than for the Majority. This result suggests that matching is less efficient for the Minority group possibly because of composition effects or discrimination. Jobs occupied by Minority workers are also more likely to be destroyed.
In fact, the difference in the separation rate, σ, between the Minority and the Majority is even larger than the difference in job destruction rate s. This means that separations due to family shocks are more likely. As shown by Eq. 3, this occurs both because family shocks δ are more frequent for the Minority and because Minority workers are less choosy when receiving the housing offer related to the family shock. Finally, the vacancy cost c is lower for Minority workers, possibly because jobs that Minority workers occupy are of lower quality and their vacancy is less costly.
We evaluate the effect on the unemployment rate u, reservation distance ρ U , and mobility rate for job-related reasons M E J by changing sequentially the parameters from their value for the Minority to their value for the Majority. We focus on the unemployment rate which is our main variable of interest. We perform our decompositions of the difference in the unemployment rate between the Minority and the Majority as described in Section 3.4. These decompositions allow us to assess the respective importance of differences in labor market factors and differences in spatial factors. Among the labor market parameters, the only parameter which is supposed to be the same for the two groups is the matching efficiency θ. The Minority and the Majority differ for the other parameters which are the labor productivity y, wage w, unemployment benefits b, job destruction rate s, matching efficiency A, job separation rate σ and vacancy cost c. Among spatial parameters, the commuting cost τ is supposed to be the same for the two groups, such that the Minority and the Majority differ only in their arrival rate of housing offers λ H and the parameter of the commuting distribution α.
Results when changing the parameters from their value for the Majority to their value for the Minority are reported in Panel A of Table 7 and show that commuting distances play a significant role. When changing the parameter of the commuting distribution α, the Minority unemployment rate decreases from 17.0% to 15.04%: thus, 1.96 percentage points of the six percentage points difference, or 32.7% of the unemployment gap is accounted for by less favorable housing offers in terms of commuting distance. Additionnally changing the arrival rate of housing offers λ H to the (lower) value of the Majority compensate to some extent the differences in housing offers since it makes the unemployment rate raise again to 15.47%. Overall, the two parameters account for 17 − 15.47 = 1.53 points of the 6 points unemployment gap or 25.5% of the difference. Some labour parameters play a more important role. Indeed, changing the scale parameter of the matching function A affects the Minority unemployment rate significantly as it decreases to 12.67%. A change in the job destruction rate s also significantly affects the Minority unemployment rate as it decreases to 12.03%. Additionnally changing the wage, unemployment benefits and productivity decreases a lot the unemployment rate which is then 9.70%. The last column is then reached when the last parameters differing across groups (the vacancy posting costs and the family parameter δ) are equal to that of the Majority group. Since this raises the unemployment rate from 9.70% back to 11%. Some comparative statics are also conducted changing sequentially the parameters from their value for Majority to their value for the Minority and results are reported in Panel B of Table 7 . Results confirm our previous findings, though with slightly different values. Applying the parameter of the commuting distribution α of the Minority to the Majority raises unemployment from 11% to 12.42%, or 1.42 points of the unemployment gap, that is 23.7% of the gap. Raising the value of the arrival rate of offers to the value of the Minority decreases the unemployment rate to 12.04%. Here, the two parameters α and λ h account for 1.04 points of the total unemployment gap, that is 17.3%.
According to these comparative statics, there are differences in the commuting distances associated to housing offers which explain a significant part of the unemployment gap. The arrival rate of housing offers varies across groups to compensate for the differences in housing offers. That is, the Minority may be getting more housing offers but their offers would be associated to longer commuting distances. This may be due to search in different housing market segments or different search intensity with search intensity being endogenous; however, we leave this for future research. Bouvard et al. (2009b) would rationalize our finding with the progressive sectoral shift in France from industrial jobs close to dwellings of immigrants to service jobs in cities that immigrants cannot not easily access.
Overall, although labor factors play a major role, spatial factors play a significant role in this benchmark specification, between 17% and 25.5% of the unemployment gap, depending on the decomposition exercise which is considered. The next Section is devoted to an assessment of the robustness of this result.
Alternative specifications
So far, we have considered that commuting costs are the same across groups. In this section we relax this strong assumption and do robustness checks on the values of parameters α. We finally assess whether results are stable when we change the wage gap between the Minority and the Majority, as well as the elasticity of wages with respect to taxes.
The Minority and the Majority may not have access to the same transportation modes, and this can generate a difference in transport costs between the two groups. As a consequence, we now consider the case where the Minority and the Majority have different transport costs and using the formula given in Equation (8) gives: τ = .3542 for the Majority and τ = .2946 for the Minority. All other parameters are the same as in the previous Section. This changes the parameter estimates and leads to the decompositions given in Panel A of Table 8 . The conclusions we drew from Table 6 remain the same.
The parameter of the commuting distribution α is estimated on a relatively small sample for the Minority, affecting the accuracy of the estimator as can be seen from its standard deviation. Indeed, we find for the Minority α = 10.13(.12) whereas we have for the Majority α = 12.18(.016). Therefore, we re-estimate the model to assess the robustness of our results when varying the value of α for the Minority and using either α = 10.13 − .12 = 10.01 or α = 10.13 + .12 = 10.25. The parameter for the Majority is kept the same, the decompositions are in Panel B
and C of Table 8 ; again, our main conclusions remain unaltered.
Next, we vary the elasticity of the response of gross and net wages: recall that we assumed the labor cost increase caused by tax to be t and the net wage decrease to be (1 − )t. We now only report the fraction of the unemployment gap that can be explained by a change in α and a cumulated change in both α and λ h for both decomposition exercises. The benchmark value of is .35. Below .15 the code did not converge, because we reached a corner solution where all the wage offers to the Minority are accepted. However, over the range .15 to .65, the results of the decomposition exercise are very stable as shown in Panel A of Table 9 , and if anything, the role of spatial factors in the determination of unemployment increases as decreases. Comparative static results reported in Panel B of Table 9 are very similar to those obtained in the benchmark case regarding the fraction of the unemployment rate gap explained with the differences in the commuting distribution parameter and the arrival rate in housing offers between the Minority and the Majority.
Comparison with the US
The calibration exercise is replicated for the US to study the unemployment rate difference between Blacks and Whites, with the values of the unemployment rate in 2011, the median unemployment duration in 2011 and the 2010-2011 Census mobility rates. Commute time data comes from the US Census American Community Survey.
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Note that while we use the terms Majority and Minority for the French data our analysis for the US covers only Whites and Blacks. A Mincerian regression analogous to those in Table 2 delivers a hourly wage premium to white workers as compared to black workers that is close to that of France, that is -20.1% in the US. We will use this value in the US calibration. As a first pass, we also use the same tax rate, unemployment insurance and transport costs as in France, to focus on the role of different unemployment and mobility targets and progressively relax these values.
The calibration parameters obtained present some similarities with those of France: the search cost, for instance, is higher for Majority workers than for Minority workers. Here however, the arrival rate of housing offers λ h turns out to be lower: therefore, the two parameters reinforce each other in generating racial differences in unemployment rates. The total racial difference to be explained in the US is 16.6%-7.7%= 8.9%. However, the share explained by the spatial parameters is actually smaller than in France, since, depending on the decomposition, these parameters explain either (8.60-7.7)/8.9=10.1% in the first decomposition, or (16.6-15.05)/8.9=17.5% in the second decomposition.
Next, we change the values of unemployment benefits and taxes. For unemployment benefits, we choose a lower range, from b = .3 to .25 instead of b = .4. For taxes, we choose a range of .25 to .4. We obtain the results in Table 12 which roughly confirms the message of the previous table: the share of the ethnic unemployment gap explained by spatial factors remains limited, in a range of 8% to 17.6% of the total difference across groups. Convergence problems arise with lower values of taxes and benefits, since the unemployment rate and unemployment duration to be matched by the model are relatively large due to the specific period retained which is year 2011.
Concluding Comments
In conclusion, we have shown how an integrated model of unemployment and mobility can be calibrated to assess the extent to which the unemployment rate is related to labor market factors and spatial factors.
Based on calibrations of this model, we proposed a decomposition of the unemployment rate gap between the Majority and a Minority both in France and the US. We have found that the effect of differences between groups in spatial factors is significant: it generates an unemployment rate difference of about 1 to 1.5 percentage point both in France and the US. Since the gap is 6 percentage points in France and 8.9 percentage points in the US, differences in spatial factors represent 17% to 25% of the unemployment rate gap in France, and 10% to 18% of the gap in the US.
The significant impact of spatial factors in explaining the unemployment rate gap between the Majority and the Minority in France is due to differences in commuting distances related to housing offers, α in our model. In 29 our view, this parameter can be thought of as a summary measure of the access to housing offers close enough to the locations of jobs, or reciprocally as a summary measure of the access to job offers close enough to housing.
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Differences in these commuting distances account for 25 to 30% of the unemployment rate gap. However, the Minority receives more frequent offers, such that additionally taking into account differences in the arrival rate of housing offers reduces the contribution of spatial factors to explaining the unemployment gap to 15 to 25%.
As expected, pure labor market parameters explain the main part of ethnic differences in the unemployment rate, between 60 and 90% of the gap. However, the difference across groups may be less important if these groups had a similar access to housing markets. Therefore, a policy targeting an improvement in the employment rate of a Minority can find margins of actions in the access to housing. More generally, effective public policies can be thought as a menu of actions over different markets.
A Appendix: Equilibrium distribution of commuting distances
Let Φ(ρ) be the steady-state distribution of employed workers living at a distance less than ρ from their job. Φ is governed by the following law of motion, for all ρ < ρ U :
(1 − u) ∂Φ(ρ) ∂t = upF (ρ) + (1 − u)(1 − Φ(ρ)) [λ H G N (ρ) + δG S (ρ)] (9)
Eq. 9 states that the number of people residing at a distance less than ρ from their job changes (either positively or negatively) due to:
• (+) the unemployed, u, who receive a job offer at rate p to which is associated a commute distance less than ρ with probability F (ρ);
• (+) the employed, 1 − u, who are located at a distance from their job greater than ρ (a fraction 1 − Φ(ρ)), who receive an offer in the housing market with intensity λ H to which is associated a commute distance less than ρ with probability G N (ρ) or receive a δ-shock that brings them at a distance from their job less than ρ after sampling in the stock G S (ρ);
• (-) the employed, 1 − u, who are at a distance from their job less than ρ (a fraction Φ(ρ)), who receive a δ-shock that brings them at a distance from their job higher than ρ after sampling in the stock G S (ρ); note that a fraction of them even quit as the new ρ can be above ρ U .
• (-) the employed, 1 − u, who receive an s-shock, that is, exogenous job destruction.
In steady state and for all ρ < ρ u :
The second line above is obtained by replacing u with its steady-state expression in Eq. 6. Note that for ρ = ρ U , Φ(ρ U ) = 1 as no unemployed individual ever accepts a job to which is associated a commute distance higher than ρ U . This comes from the fact that the denominator can be rewritten as λ H G N + δG S (ρ U ) + σ.
